ABSTRACT Attendance patterns of seabirds and Cape fur-seals Arctocephalus pusillus pusillus at research trawls in the southern Benguela region during the austral winter are analysed to infer the importance of trawl fisheries to different seabird and seal species. Three specific responses to trawlers are recognized: ( 1 ) species that avoid feeding assemblages at trawlers (jackass penguin Spheniscus demersus, soft-plumaged petrel Pterodroma mollis, Cape cormorant Phalacrocorax capensis); (2) species that cons~stently are attracted to trawlers and whose distributions are influenced by trawlers (black-browed albatross Diomedea melanophris, shy albatross D. cauta, pintado petrel Daption capense, white-chinned petrel Procellaria aequinoctialis); (3) species that only forage at trawlers in deep, offshore waters (Cape gannet Sula capensis, kelp gull Larus dominicanus, Cape fur-seal). Other species lie between these extremes. These variations in response indicate the importance of trawler discards in each species' diet. The divisions do not follow the guild classification used for the region to date. Reported increases in seabird populations as a result of trawling activity should be interpreted with caution.
INTRODUCTION
The importance of parasitic and commensal relationships between marine predators and fisheries are poorly understood (Watson 1981 , Burger & Cooper 1984 , Abrams 1985 . Many marine predators steal food from fishing nets and scavenge fishery wastes (Brown 1970 , Bartle 1974 , Wahl & Heinemann 1979 , Shaughnessy et al. 1981 , Watson 1981 , Abrams 1983 , and this may be responsible for increases in seabird populations (Fisher 1952 (Fisher , 1966 , but the evidence is equivocal (Salomonsen 1965 , Brown 1970 , Bailey & Hislop 1978 .
The shelf waters off the west and south coasts of southern Africa, the southern Benguela region, support a large demersal trawl-fishery, aimed primarily at hake Merluccius spp. (Crawford et al. 1987) . The region also supports a diverse seabird community (Brooke 198 l ) , many individuals of which forage at trawlers, as do Cape fur-seals Arctocephalus pusillus pusillus (Rodriguez 1972 , Shaughnessy et al. 1981 , Abrams 1983 . Abrams (1983 Abrams ( , 1985 described trawler attendance by seabirds in different dietary guilds off the west coast of southern Africa, and attempted to show changes in community structure brought about by the trawlfishery. However, he did not establish the importance of trawler waste in seabird diets, and failed to consider O Inter-Research/Printed in F. R. Germany species-specific differences (e.g. Wahl & Heinemann 1979) because of a simplistic guiia approach.
This study examines the influence of the southern Benguela demersal trawl-fishery on seabird and seal distributions by (1) identifying the principal factors determining the spatial attendance patterns of scavenging birds and seals at trawls, and (2) by estimating the relative attraction of trawlers to different species. Work was conducted during the austral winter because this is the period when the largest numbers of migrant seabirds from the Southern Ocean are present (Ryan & Rose in press) , and trawler attendance is greatest (Abrams 1985) . The importance of the fishery to different species is inferred from the impact of the fishery on species distributions. Some of the assumptions made by Abrams (1983 Abrams ( , 1985 to infer recent changes in seabird populations are examined in the light of our data.
METHODS
Data collection. The numbers of seabirds and seals attending 82 research trawls were counted between 4 and 27 July 1984. Trawls were conducted during the day from the R. S. 'Afncana' using a 60 m trawl net to assess demersal fish stocks, at stations selected by random stratified sampling (by water depth) in the southern Benguela region, between the Orange River Estuary and Cape Agulhas (Fig. 1) . The duration of each trawl varied with water depth, because all drags (= bottom time) lasted 30 min. The fishing operation differed from those of commercial trawlers operating in the area; a pilchard net-liner (27.5 mm mesh diameter) in the cod-end retained small fish, drags were shorter than commercial trawls (usually 3 h), and most fish were discarded after sampling. However, these differences should not affect the survey results because they were consistent for all research trawls. Counts of attendant seabirds and seals were made during 20 min following the net surfacing, from an 8 m vantage overlooking the stem. The maximum number of individuals of each species within a 500 m radius of the ship was recorded by the same observer throughout. Northern and southern giant-petrels, and common and Arctic ('comrnic') terns were lumped because not all individuals could be identified to the species level (scientific names of all species are listed in Table 2 ). where adjacent blocks were those with a common side with the station's grid block. The index smoothed the data to weight grids according to their position in the trawling area. A truncated index of recent trawling activity (T) was obtained by imposing an arbitrary maximum value for (I) of 100. This further smoothed the trawling intensity data by reducing geographical variation around the coast (resulting from concentrations of effort near fishing ports). The following variables also were recorded for each station: water depth (m), distance offshore (to nearest land, km), sea surface temperature ("C), time of day, time since the previous trawl, the mass of fish and squid caught (kg), and the mass of fish and squid potentially available to birds (i.e. all fish/squid < 2 kg).
Density estimates (number km-') of seabirds and seals at sea were made using census techniques modified from Tasker et al. (1984) . All seabirds and seals passing within 200 m of the ship were counted while the ship steamed at approximately 20 km h-' between trawl stations. Observations were made from the bridge wing (elevation 11 m), and scanned a 90" arc between the bow and beam. No observations were made within 30 min of leaving a station to reduce the effects of birdhammal aggregations at trawl stations.
Data analysis. Stepwise multiple correlations were performed using Statpro (Imhof et al. 1983 ) to test for the environmental variables and fishery statistics best correlated wlth the distributions of the 12 most abundant species attending trawls. This technique allows for the interdependence of variables (Draper & Smith 1981) , many of which are correlated here (Table 1) . Analysis was terminated when no additional variable was correlated at below the 5 O/O significance level.
Classification and ordination analyses (Field et al. 1982) were performed on the numbers of the 12 most abundant bird and mammal species attending trawls to identify spatial differences in the composition of the trawl assemblage. Classifications were performed using a Bray-Curbs measure of similanty and group average sorting. Orclmation analysis was by non-metric multidimensional scaling of the Bray-Curtis similarity matrix. Groups of similar trawl stations identified by classification analyses were analysed in terms of the following environmental variables and fishery statis- (Zar 1984) .
Estimates of seabird and seal densities at sea derived from census transects were lumped into 3 major faunal areas identified by the classification analyses of trawl attendance patterns. The mean density of each species in each of the 3 areas was used to calculate the theoretical radius of attraction (R) which would supply the mean number of individuals observed to attend trawls in that area, assuming that all individuals within the radius of attraction would be attracted to a trawl. This provides a convenient index of the importance of point attractants such as fishing vessels, other ships, predatory fish, cetaceans, etc. (Wahl & Heinemann 1979) .
RESULTS
Research trawls sampled the shelf waters of the southern Benguela regon between 5 and 210 km offshore, and in water between 80 and 540 m deep (Fig.  1) . Sea surface temperatures generally were greater farther offshore, with a minimum of ll.O°C inshore in the north, and a maximum of 18.4"C over the shelf edge off Cape Town (Fig. 2 ). There were significant correlations between water depth, distance offshore and sea surface temperature (Table 1) .
Research trawls took place in areas of both great and little commercial trawling activity, the index (I) ranging between 0 and 630. Most commercial trawling activity occurred in water between 200 and 500 m deep and effort was most concentrated near the ports of Saldanha Bay and Cape Town (Figs. 1 & 3) . The trawl index (I) was poorly correlated with environmental variables (water depth, distance offshore and sea surface temperature), due to regional differences in fishing effort. This variability was reduced using the truncated index (T), which was significantly correlated with both water depth and sea surface temperature ( Table 1) .
The mass of fish caught by research trawls ranged from 2 to 3500 kg, of which between 1 and 1600 kg comprised fish small enough to be handled by seabirds. There was no clear spatial pattern in the magnitude of fish catches, other than a tendency for larger total catches in areas with more commercial trawling activity (Table 1 ).
Specific patterns of attendance
A total of 25 species of seabirds and a marine mammal, the Cape fur-seal, were observed attending research trawls (Table 2 ). An additional 6 species of seabird were seen during the cruise, but were not observed to attend trawls: jackass penguin Spheniscus demersus (N = 43), great-winged petrel Pterodroma macroptera (10), Kerguelen petrel P. brevirostn-s (25), soft-plumaged petrel P. mollis (186), grey petrel Procellana cinena ( l ) , and little shearwater Puffinus Table 2) . Nine of these 12 species are non-breeding migrants to the Benguela region, all breeding farther south in the Southern Ocean. The remaining 3 species breed in southern Africa ( Table 2) . The spatial distribution of trawler attendance differed between species. Black-browed albatrosses were most abundant at trawls near the shelf edge (Fig. 4) , as were pintado petrels and white-chinned petrels. The numbers of these species attending research trawls were positively correlated with the truncated index of recent trawling activity (T), although black-browed albatrosses were better correlated with water depth (Table 3) . These variables accounted for more than 40 % of variance in trawler attendance for all 3 species. Shy albatrosses, yellow-nosed albatrosses, Wilson's storm-petrels and sub-antarctic skuas also were most abundant at trawls near the shelf edge, but were present in larger numbers north of Saldanha Bay, and were best correlated with distance offshore (Table 3 ). The proportion of variance accounted for by distance offshore was relatively small for all these species, except shy albatross, probably as a result of small abundances and patchy distributions. The distribution of shy albatross attendance also was positively correlated with the trawling index (T).
Prions showed no clear spatial pattern to their attendance at trawls (Fig. 5) . The attendance pattern of prions was positively correlated with sea-surface temperature, but the amount of variance accounted for was small ( Table 3 ) . Sooty shearwaters also were seldom attracted to trawls in large numbers, and their distnbution at trawls was only poorly correlated with water depth ( Table 3 ) .
The 3 locally-breeding species which were abundant at trawls, Cape gannet, kelp gull and Cape fur-seal, all were positively correlated with indices of trawling activity (either I or T) ( Table 3 ) . When this factor has been accounted for, the numbers of all 3 species attending trawls were negatively correlated with either distance offshore or water depth. The numbers of Cape gannets and Cape fur-seals attending trawls were best correlated with (T) because they were more dispersed over the trawling grounds than were kelp gulls (best correlated with I), which were abundant only on grounds close to fishing harbours.
Time of day and the interval since the previous trawl had no effect on the overall distribuhons of seabirds and seals. However, large numbers of seabirds and some seals occasionally followed the ship between trawl stations. 
Classification of trawl stations
Bird/mammal abundances were used to produce a classification dendrogram of trawl stations. Six stations close inshore in the north were split off in a discrete, if poorly inter-related group (1) (Figs. 6 P1 7) . The remaining stations were separated into 2 major fauna1 areas, one characterized by inshore, shallow water stations, the other by offshore, deeper water stations. The inshore and offshore areas were each subdivided into 2 large groups (called 2 and 3 for the inshore group, and 4 and 5 for the offshore group). Three anomalous stations in the mouth of Saldanha Bay (Group 6) were only distantly linked to the offshore groups. They were characterized by large numbers of seals, gannets and kelp gulls, and were not considered further. Two very similar stations near the shelf break off Hondeklip Bay formed a distinct group (7) only distantly related to the other offshore groups (4 & 5) as a result of unusually large numbers of Wilson's storm-petrels and blackbrowed and yellow-nosed albatrosses. The 2 stations were very close together and the feeding assemblage stayed with the ship, allowing exceptional numbers to gather. These stations were also excluded from further analyses. The ordination plot of trawl stations showed a clear gradation between Groups 1 and 5 identified by classification analysis (Fig. 8) .
The mean total number of birds and seals attending trawls increased from Groups 1 through 5, as did the mean number of species ( Table 4) . The mean number of each of the 1 2 most abundant species at trawls also increased from Groups 1 through 5 , except for prions, Wilson's storm-petrels and kelp gulls ( Table 4) . Indices of commercial trawling activity also increased from Groups 1 through 5. Mean water depth, distance offshore and sea-surface temperature increased from Groups 1 through 4 , but were greater in Group 4 than in Group 5 ( Table 4) . The trawl index (T) was the only variable that differed significantly between Groups 4 and 5, with Group 5 distinct ( Table 5 ), suggesting that in the offshore region trawling activity is the major determinant of bird distribution patterns.
Comparison with density at sea

Groups
The total density of birds and seals at sea based on were most abundant in the inshore zone (Group 1). The 7 , .
offshore area (Groups 4 & 5) had higher densities of albatrosses and pintado petrels than the midshelf area (Groups 2 & 3). Fig. 7 . Spatial pattern of research trawls classified into Although sample sizes tor some species were smaii, 6 groups on the numbers of attendant seabirds and seals approximate radii of attraction were consistent between areas, at least for migrant species (Table 6) . Pintado and white-chinned petrels, black-browed and shy albatrosses, sub-antarctic skuas and Wilson's storm-petrels were present in relatively large concentrations at research trawls (radius of attraction, R > 3 km). Giant-petrels, blue petrels, and sooty shearwaters were concentrated to an intermediate extent (1 < R < 3 km), whereas terns, prions and Cape cormorants were not concentrated at research trawls (R < 1 km). Yellow-nosed albatrosses were frequent at trawls but were not recorded during transects, whereas jackass penguins and soft-plumaged petrels were seen during transects, but did not attend trawls. The radii of attraction of the 3 local breeding species increased with increasing distance from shore. In the offshore area, Cape gannets, kelp gulls and Cape furseals had large radii of attraction characteristic of species strongly attracted to research trawls, but in the mid-and inshore areas, they had relatively small radii of attraction (Table 6 ). Cape fur-seals were not only less attracted to inshore trawls, but those which were attracted to inshore trawls were more frequently Giant-petrel spp. Zar 1984) .
DISCUSSION
The diets of many seabird species in the southern Benguela region are little known (Jackson 1988). It is not possible to infer the importance of food derived from trawlers in the diets of seabirds and seals from numbers feeding at and away from trawlers, because estimates of seabird population sizes in the area are crude and there are no published estimates of seabird numbers attending commercial trawlers. However, we suggest that the importance of trawlers as a source of food can be inferred by comparing the distributions of seabirds and seals with that of commercial trawlers, and by estimating the relative attraction of trawlers. The effect of trawlers on seabird and seal distributions in the southern Benguela region is likely to be most marked in mid-winter (the period of this survey) when numbers of migrant seabirds (many of which attend trawlers) are greatest (Ryan & Both the correlation and classification analyses of seabird and seal attendance at trawls suggest that the distributions of black-browed and shy albatrosses, pintado and white-chinned petrels, Cape gannets and Cape fur-seals are influenced significantly by commercial trawling activity. Trawling probably also has a major influence on the distributions of yellow-nosed albatrosses and sub-antarctic skuas, but their numbers are too few or attendance too patchy for significant relationships. By comparison, the distributions of prions, sooty shearwaters and Wilson's storm-petrels apparently are little affected by trawling activity, despite opportunistic foraging at trawlers.
Species seldom seen at trawls such as jackass penguins, soft-plumaged petrels and Cape cormorants were characterized by very small radii of attraction. The mean radii of attraction of species which attended trawls varied considerably, but species identified as being influenced by trawling activity generally had large radii of attraction, whereas species less influenced by trawling activity had small radii of attraction. This supports the hypothesis that commercial trawling activity is a n important determinant of the distributions of certain seabird and seal species.
Dietary data from seabirds collected at sea in the southern Benguela Current region support these findings; trawler offal comprises more than half the diet of white-chinned petrels, but less than 5 % of the diet of sooty shearwaters (Jackson 1988).
We have assumed that the specific response to traw- tively small attraction exerted by research trawls to Abrams, R. W. (1985) . Pelagic seabird community structure in these species inshore, and the poor ability of at least the southern Benguela region: changes in response to fur-seals to exploit trawler discards at inshore stations, man's activities? suggest that foraging at trawlers is individual-specific Abrams, R. W., Griffiths, A. M. (1981) . Ecological structure of or perhaps age-specific in these species. The impor- The variation in specific responses to trawlers does not follow supposed feeding guilds used by Abrams & Griffiths (1981) and Abrams (1983 Abrams ( , 1985 . This demonstrates a major draw-back to the guild-level approach where the foraging ecology of species is poorly understood.
Commercial trawling has had an impact on seabirds in the Benguela Current region; the distributions of some species have expanded, apparently to exploit trawler discards, resulting in an increase in co-occurrence of different species (Abrams 1983 , Cooper 1984 , Abrams 1985 . However, it is less clear whether the population sizes of species which feed at trawlers have increased, as inferred by Abrams (1983 Abrams ( , 1985 . Abrams compared counts of birds from a research vessel on oceanographic stations during the early 1950s, prior to extensive trawling activity, with recent density estimates from commercial trawlers, and from ship
